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BRAID-BALL EMBOLIC DEVICES 

RELATED APPLICATIONS 

The present ?ling claims the bene?t of each of US. Patent 
Application Ser. Nos. 61/046,594 and 61/046,670 ?led Apr. 
21, 2008; US. Patent Application Ser. Nos. 61/083,957 and 
61/083,961 ?led Jul. 28, 2008 and US. Patent Application 
Ser. No. 61/145,097 ?led Jan. 15, 2009ieach of Which is 
incorporated herein by reference in its entirety. 

BACKGROUND 

Mainstream clinical practice in endovascular treatment of 
intracranial aneurysms has changed little since the 1990’s 
When vasooclusive coil use became Widespread. Certainly, 
improved catheters and other auxiliary devices (e. g., stents) 
have helped make coiling procedures safer and/ or more effec 
tive. HoWever, the art in achieving adequate and appropriate 
aneurysm coil packing is best accomplished by the most 
highly skilled physicians. 
Where practicable, aneurysm exclusion by cover-type 

devices (e.g., as described in US. patent application Ser. No. 
12/3 97,123 to the assignee hereof) may be preferred. Certain 
other groups are attempting to shift the paradigm aWay from 
intra-aneurysm coil packing to achieve emboliZation via 
deployment of an extra-aneurysm ?oW disruptor/diverter 
stent in the parent vessel. These densely braided devices 
and/or multiple braid devices layered upon one another are 
placed in the parent vessel across the neck of an aneurysm 
With the intent to alter hemodynamics so as to effect embo 
liZation. 

These WALLSTENT-like devices are best suited for place 
ment across sideWall aneurysms. Yet, terminal aneurysms 
(e. g., bifurcation aneurysms) are estimated by some to make 
up betWeen about 60 and 80% of all aneurysm occurrences. 
By most optimistic count, only about 40% of intracranial 
aneurysms can be treated using the referenced stent-like 
devices. 
Numerous other devices have been conceived in effort to 

address terminal aneurysms. Complicated and/or impracti 
cable deployment is common to many. Others simply serve as 
adjunctive to coils or liquid embolic agents. In these latter 
examples, procedures may become even more complicated 
and require even greater physician skill than a standard coil 
ing procedure. 
A simpler, yet promising solution is proposed in PCT/U S 

2007/0076232 to Dieck, et al. A braided/mesh conical mem 
ber is described for diverting blood ?oW from the aneurysm 
neck. A base of the device is set inside the aneurysm While a 
How diverter portion extends into the parent vessel to direct 
blood ?oW toWard adjacent side branches and aWay from the 
aneurysm. The implant may be positioned Within the aneu 
rysm as a stand-alone device or be supported by a connected 
stent-like body. 
US. Pat. Nos. 6,168,622 and 6,506,204 to MaZZochi, et al. 

discloses another type of braided ?oW disruptor set at least 
partly Within an aneurysm. A bulbous portion is adapted to ?t 
Within the aneurysm dome and is anchored on the outside by 
a neck-covering ?ap. Given the manner in Which bifurcation 
aneurysms often incorporate branch vessel anatomy, such a 
patch Would often interfere With and/or “?ap” free raising 
signi?cant issues of potentially pathological thrombus forma 
tion Within the parent vessel. 

Implants of the present invention address shortcomings of 
each of the above-referenced devices. As such, the subject 
implants (as Well as their associated delivery systems) offer 
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2 
potential to advance the state of the art in endovascular treat 
ment of vascular malformations, including aneurysms. 

SUMMARY OF THE INVENTION 

The present invention is directed to Wire braid ball implants 
for occluding blood ?oW at endovascular sites. Delivery sys 
tems and methods of making the balls are also described. The 
balls are useful for treating neurovascular defects. One use is 
in intracranial aneurysm emboliZation/occlusion and another 
in parent vessel occlusion (PVO) or sacri?ce. 

Generally speaking, the subject vascular implants are 
braided devices using a combination of bio-stable materials 
selected from Stainless Steel, Cobalt Chromium, Nitinol, 
Titanium, Titanium-alloys, Zirconium and Zirconium alloys, 
PET (or another suture material) and medical-grade adhesive. 
The density of the device is paramount in applications Where 
braid itself is intended to affect blood ?oW, alloWing throm 
bosis Within a volume formed by the ball to occlude a site. As 
such, high density braid/mesh is typically required. Namely, 
braid having at least about 48 ends, typically set at about 90 
degrees or greater, in diameters from about 4 to about 8 mm 
may be employed. At larger diameters (e.g., about 6 mm to 12 
mm or more), more Wire ends (e.g., common multiples of 64, 
72, 96, 128, 144) may be employed in forming the balls. Still 
higher typical Wire counts may be employed. Either one of 
commercially available 192 and 288 carrier standard braiders 
may be employed. Moreover, 3-D braiding technology (such 
services are provided by 3Tex, Inc.) may be employed in 
forming the braid matrix from Which the balls are formed. In 
addition, any combination of Wire diameter, Wire count, braid 
angle, and per-inch crossings can be used to make braid in 
order to con?gure an embolic and blood ?oW occlusive device 
deemed appropriate for a particular vascular site. 
A range of Wire siZes or combination of Wire siZes may be 

employed, typically ranging from about 0.0008 to about 
0.0015 inch, and up to about 0.003 inches depending on 
desired delivery pro?le (Which is typically desired to be less 
than about 0.050 inchesiat least for neurovascular indica 
tionsiand more generally up to about 0.070 for peripheral 
PVO indications). A single braid tube may have all Wires the 
same diameter, or may have some Wires of a slightly thicker 
diameter to impart additional strength to the braid layer. For 
example, half the Wires of a 96 Wire tube (i.e., 48 ends) can be 
e.g. 0.001" diameter and the other half of the Wires can be e.g. 
0.0015" diameter. In Which case, the tWo Wire siZes Would 
typically be interlaced uniformly in making the braid. The 
thicker Wires impart greater strength to the braid Without 
signi?cantly increasing the device delivery pro?le, With the 
thinner Wires offering some strength While ?lling-out the 
braid matrix density. 
The Wire is preferably NiTi alloy that is superelastic at 

body temperature. The metal may be a binary alloy or a 
ternary alloy to provide additional radiopacity. Alternatively, 
radiopaque platinum ?bers may be included in the braid, or 
the Wire may comprise platinum or gold core Nitinol DFT. 
OtherWise, hubs, bands or Wraps (preferably Pt) used to 
secure the braid Wire (at either or both distal and proximal 
ends, and also in betWeen caps Where appropriate) may serve 
as the sole radiopaque feature(s). 

To improve implant Wire corrosion resistance and/or bio 
compatibility after heat setting shape, the implants may be 
etched in “AYA” Sulfamic Acid solution, then passivated in 
Nitric acid solution. Alternatively or additionally, pre-etched 
and/or polished Wire may be employed in braiding the 
implant matrix. Shape setting the braid in the implant shape 
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may be performed in an oven/ furnace, a ?uidized bath or salt 
pot. All such processing is Within ken of those With ordinary 
skill in the art. 

Especially after heatsetting the shape, the Wire may be 
coated With an agent for promoting a desired biological 
effect. For example, Wire can be coated With a thrombogenic 
or an endotheliZation agent, or other agent capable of promot 
ing a desired biological process at the target site. The braid 
balls may also be partially or fully coated on the exterior (e.g., 
With coating such as urethane) to increase the occlusive effect 
of the ball, provided the coating does not cause the delivery 
pro?le of the ?nal device to exceed alloWed limits. Hydrogel 
coating also offers an appealing option, such as a hydrogel 
based polymer netWork capable of entrapping therapeutic 
agents as described in US. Pat. No. 6,905,700 to Won et al. 

Likewise, While the balls advantageously comprise Nitinol 
braid, the braid may instead comprise polymer- especially 
high strength biodegradable polymer such as MX-2 (MAX 
Prene), synthetic ab sorbable mono?lament (90/ 10 Glycolide/ 
L-Lactide) and/or G-2 (Glycoprene), synthetic absorbable 
mono?lament (Glycolide (PGA), e-Caprolactone (PCL), Tri 
methylene Carbonate (TMC) Copolymer) that is heat set into 
shape (e.g., at 110 degrees centigrade for an hour). 

Deliverability of the subject implants to certain neurovas 
cular sites (e.g., distal intercranial aneurysms) often requires 
that they be compressible to pass through a catheter siZed for 
navigating the narroW and tortuous vessels of the brain. Stan 
dard neurovascular catheters suitable for such use have 
0.021" and 0.027" lumen diameters. Especially for higher 
Wire count balls 0.027" ID (e.g., Cordis Mass Transit Boston 
Scienti?c Renegade HI-FLO) or larger (e.g., 0.044" ID Con 
centric Merci Distal Access Catheter) commercially available 
micro catheters may be preferred. For devices adapted to 
address PVO indications in Which higher Wire counts and/or 
larger Wire diameters are used to ensure anchoring, the 
implants may require 5 and/or 6 Fr guide catheters for deliv 
ery. 

In any of the con?gurations described, the devices may 
comprise high-density Nitinol braid that is folded/doubled 
back upon itself and heatset to provide an open body having 
tWo adjacent layers forming an even denser matrix to occlude 
blood ?oW. The folded-back (inverted or everted) section may 
be closed to de?ne a distal end of the device Where a radio 
paque feature may be located. At the opposite side of the 
implant, braid ?laments are held in a hub including at least an 
outer band. 
A port Within the hub can receive component(s) of an 

optional detachable pusher. Alternatively, the implant can be 
deployed through a catheter using a simple pusher. Braid 
?laments Within the hub(s) may be Welded to each other 
and/ or the band. Alternatively, the braid and hub(s) may be 
secured using biocompatible adhesive. 

In a relaxed state, the implants de?ne an open, preferably 
rounded, volume. In a delivery catheter, they compress into a 
substantially cylindrical body. When deployed at a treatment 
site, they expand to abut surrounding tissue and occlude ?oW 
in a clinically relevant timeframe. 
Use of a detachable pusher alloWs for deploying a device 

(e. g., in an aneurysm) and checking ?t. Deployed in an aneu 
rysm to occlude the aneurysm at its neck, the implant device 
largely assumes the shape of the aneurysm, With the proximal 
hub and closely adjacent braid material outside the neck. To 
achieve such ?t, the implants are provided in a range of siZes. 
These may progress in 0.5 mm to 1 mm diameter increments. 
For aneurysm treatment at bifurcations, it may also be desir 
able if the ball (at least in its delivered con?guration) assumes 
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4 
a tear-drop shape to assist in a ?oW-divider/diverter type 
function as described in Dieck, et al., referenced above. 

Should the selected implant not ?t as desired, hoWever, it 
can simply be WithdraWn back into the delivery catheter. If 
desired ?t is achieved (With the ?rst implant or a replacement) 
as con?rmed by medical imaging, the implant is released. 
An electrolytically-releasable GDC-type joint can be used 

hold the implant secure to the pusher until release. Details 
regarding suitable electrolytic detachment systems can be 
appreciated and applied to the current system as taught in US. 
Pat. No. 5,122,136 to Guglielmi and continuing applications 
thereofiall of Which are herein incorporated by reference. 
Another electrically-poWered detachment approach employs 
a meltable ?ber or suture junction connecting the implant to 
the delivery pusher/ guide. In such a system, a polymeric core 
may be con?gured With helically Wound conducting ribbons 
held to the core. Upon application of voltage, su?icient cur 
rent is conveyed through the ribbons to a Wire bridge connect 
ing them. Heat generated along the bridge, optionally 
NiChrome Wire, severs the suture that is tied onto or running 
adjacent to the bridge in order to release the implant. Further 
details of a suitable suture-melt detachment systems are 
described in the incorporated provisional applications. 

Yet, mechanical detachment systems may be more pre 
ferred. An aspect of the present invention involves pushers in 
Which at least one member provides mechanical interference 
at/With the implant hub port to releasably lock the implant 
onto the pusher. In one approach, a Wire or ribbon exiting an 
extension of the pusher threaded through the port produces 
such interference until it is WithdraWn. In another example, a 
plurality of Wires/ribbons are received through the port. One 
or more (typically tWo or three) of these Wires extend through 
a pusher catheter body to a proximal handle interface. A ?nal 
“anchor” Wire received through the port may also extend to 
the handle. The anchor Wire includes a head siZed to exit the 
hub port only after the other “control” Wires are cleared 
therefrom. The head is preferably formed by laser or plasma 
heating/melting. The handle provides a user interface to ?rst 
remove the control Wires, and then (optionally) also pull the 
?nal anchor Wire. 

To assist in implant recapture should in not be released, a 
smooth lead-in/trumpet shaped recapture pro?le may be pro 
vided betWeen the hub and main body of the implant. In 
another approach relevant in a tWo-layer implant, no such 
pro?le is provided. Rather only the outer of braid layer is 
secured Within the hub, and the inner layer “?oats”. In this 
Way, only the outer layer must be straightened relative to the 
hub to retrieve the ball Within the catheter/ sheath, With the 
inner layer riding along. 

In order to permit such action, the braid matrix must remain 
stable and interlocked. Accordingly, When feasible, a one 
over-one braid pattern Will be preferred. In addition, the braid 
should be trimmed adjacent the hub Where the hub-secured 
braid is most dense. So con?gured, the outer braidboth serves 
as a guide and is of such density to prevent loose ends of the 
inner layer from poking through. Whereas a ?oating-layer 
type ball implant Would typically only be used for an aneu 
rysm indication due to reduced radial strength, the recapture 
pro?le may be used on either an implant intended for aneu 
rysm or PVO use. 

Recapture features aside, When deployed in a vessel foruse 
in parent vessel occlusion, the subject implant is “sausage” 
shaped. For such purposes, it may be desirable that the com 
pressed length of the ball is minimiZed relative to its diameter. 
Proximal and/or distal ends of the ball may be ?attened or 
?atter (such that the ball is more “donut” shaped) for this 
purpose. 
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OversiZing the device relative to the vessel provides 
adequate radial force to anchor its position against blood 
?oW/pressure. To generate more anchoring force Within a 
vessel for a PVO-dedicated implant (i.e., of a given deployed 
length), the ball may be formed in a shape having an elliptical 
cross-section. To offer further improved vessel anchoring, a 
cylindrical Waist may be incorporated in the shape. Edges 
formed Will concentrate stresses on the vessel Wall in some 
cases to improve anchoring. Yet, the bulk shape alloWs the 
implant to Work Within a Wide range of vessel siZes. Indeed, 
one siZe may ?t a Wide range of vessel diameters (e.g., a 10 
mm ball suitable for 3-5 mm vessels, etc.). 

In either type of implant (i.e., aneurysm or PVO), an advan 
tageous construction involves folding or doubling-back the 
braid during manufacture to produce a tWo-layer matrix. A 
medial crease or fold in the braid is formed that is used in 
de?ning one end of the implant. 

The fold may be pre-set in the braid or formed When ?x 
turing the braid for shape setting. In the former case, the bend 
is pre-set by heatsetting the braid When con?ned in a tight 
tubular shape (e. g., by a crimper or at least partially Within a 
hypotube). In the latter case, the braid is tied With suture at a 
point, a form is inserted in the open end of the braid tube and 
the braid is stretched, or positioned, over the form With the 
folded section under compression. When heated to set the 
shape, the suture burns aWay as the compression force sets the 
fold at a minimal radius. 

The fold itself proves useful in a number of Ways. In one 
variation of the invention, the folded section provides an 
atraumatic end to the implant. The folded section can be left 
open, or tied closed by a suture, Wire (or other material) loop. 
If not radiopaque itself, the tie may also hold a marker band 
(knotted, glued or crimped on). If such a marker is provided, 
it may advantageously be suspended adjacent the top/distal 
end of the ball Within the interior volume. 

Either Way, upon compression to a delivery pro?le, the 
implant body basically pivots (rather than bends) at the fold, 
thus minimiZing in-catheter/ sheath forces. This improves 
device trackability as Well as delivery and the ability to recap 
ture if treatment With another siZe device is desirable. 

In a PVO-speci?c implant, a marker band can be held 
betWeen braid layers adjacent the medial fold. The band is 
securely captured and “hidden” Without presenting edges or 
other features. As such, the distal end of the device offers a 
smooth delivery/tracking pro?le Without need to otherWise 
secure the band. 

UtiliZed in any such fashion (i.e., open, tied or banded), 
joints and other delivery pro?le-increasing features are 
avoided at one end of the ball. As such, the fold offers con 
structional advantages (including improved manufacturabil 
ity)ias Well as reducing areas for failure Where ends of the 
braid Would otherWise need to be secured. Moreover, the 
doubled-over tubular stock achieves excellent density While 
ensuring consistent compression and shape-recovery perfor 
mance since the layers are Well matched. So-matched, they 
extend/foreshor‘ten to substantially an equal degree When 
exiting and (re)entering the catheter. 
One variation of the invention takes advantage of the 

matched braid layers, and simply eliminates the fold by grind 
ing or otherWise cutting it aWay after heatsetting (and, opti 
mally, braid hub securement). So-prepared, the implant 
becomes more radially compliant as may be desirable for 
aneurysm treatment. And Without any additional space taken 
up by the bend in the ?laments, the ball can be further com 
pressed for delivery through the smallest microcatheters (for 
a given braid density) to achieve access to more distal treat 
ment sites. 
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Another variation of the invention may or may not be 

constructed using a folded-over approach. To achieve higher 
braid densities Without stacking up additional layers having 
to ?t Within the microcatheter lumen, additional “cap” struc 
tures can be instead incorporated in the implant. For delivery, 
these features neck-doWn or compress in series.Yet, upon exit 
from the microcatheter, they recover to a position adjacent the 
main body of the implant. 
The ball body and cap portions of the implant are typically 

constructed from a continuous section of braid. Intermediate 
marker sections may be provided betWeen eh elements. A hub 
including a delivery system port is provided a the proximal 
end of the device. 
The proximal caps of braid provide additional braid layers 

to the device at an end Where occlusion of blood How is 
critical. The proximal end of a ball placed in an aneurysm 
contacts the opening and neck of the aneurysm. To achieve 
greater ?oW occlusion, the braid caps can be single or double 
layer braid. One or more braid caps can be placed at the 
proximal end of the ball (i.e. a braid ball can have up to three 
braid caps, and more if feasible). 
The braid caps do not function, and are not adapted to 

function, as anchors for the device. An anchor holds fast or 
checks motion of an object attached to it. To anchor some 
thing is to ?x or fasten, or af?x ?rmly an object. The balls 
implants are not anchored in the aneurysm or parent vessel 
using the braid caps. Rather, the braid caps are designed to 
either be adjacent the ball Within an aneurysm or to ?ll only 
the neck region. In either case, the caps do not substantially 
engage vascular tissue adjacent the ball. They serve as occlu 
sive elements that enhance the ball’s embolic potential. 
As alluded to, tWo types of caped braid ball implants are 

provided. Caps adapted to ?t only in the aneurysm neck are 
typically round (though they may be oval) and may be offered 
in a variety of siZes to ?t different neck siZes just as the ball 
portion of the implant is offered in different siZes. In other 
Words, across a Whole line of implants, each of the cap siZe 
and ball siZe parameters may be varied. 
The caps adapted to ?t in an aneurysm adjacent the ball 

portion of the implant are larger and shaped to conform to the 
ball-shaped body. Their delivery requires either compressing 
the ball portion of the implant Within the aneurysm and 
deploying the cap therein, or deploying the cap outside the 
aneurysm and pushing it into the aneurysm in a deployed 
state. 

Delivery of the devices With the neck-?lling cap(s) or 
disk(s) is performed substantially the same as braid balls 
Without such feature(s) With the exception that the delivery 
catheter is WithdraWn further to expose the cap(s) or the 
catheter is stationed outside the aneurysm neck (vs. at the 
neck) and the implant extruded therefrom. Of course, some 
combination of such activity may alternatively be employed. 

In any case, if desired ?t is achieved, the implant is 
released. OtherWise, the implant is pulled into the delivery 
catheter from the proximal hub. The one or more caps com 
press to the linear pro?le of the delivery/retrieval sheath, 
folloWed by the ball portion. 

In yet another variation of the invention, a braid-ball is used 
in conjunction With a stent. The ball may be attached to a 
stent, With them delivered together. Alternatively, a frame or 
cage may be provided at the end of a stent into Which the a 
braid-ball is delivered after the stent is in place. In either case, 
the ball and/or frame may be siZed to ?ll substantially all of an 
aneurysm or only ?ll the neck. Either Way, the stent Will serve 
as an anchor to prevent the ball from migrating. The frame 
plus-ball solution offers certain advantages in terms of staged 
deliverability, Whereas the ball-topped stent offers a one-shot 














